INTRODUCTION
The neem tree Azadirachhta indica A. Juss.; Meliaceae is indigenous to India, but is widely cultivated throughout the tropics 1 . Since antiquity, various parts of the neem tree have been used for food, medicine, and as insecticides, and many bioactive constituents including limonoids tetranortriterpenoids have been isolated and identified 1 4 . In the course of our search for naturally occurring bioactive compounds 5 , we have undertaken a detailed investigation of the limonoid constituents of MeOH extracts of defatted A. indica seeds and have shown that some limonoids exhibited potent inhibitory effects on melanogenesis in B16 melanoma cells, on 12-O-tetradecanoylphorbol-13-acetate TPA -induced infl ammation in mice, and on TPA-induced Epstein-Barr virus early antigen EBV-EA activation 6 . We as the eluting solvent.
Materials and chemicals
The source of the Azadirachta indica A. Juss. Meliaceae seeds was described previously 6 . Ten limonoids, azadiradione 1 , 17-epiazadiradione 2 , 17-hydroxyazadiradio n e 3 , 1 7 -e p i -1 7 -h y d r o x y a z a d i r a d i o n e 4 , azadiradionolide 5 , desfuranoazadiradione 7 , nimbin 8 , 6-deacetylnimbin 9 , 6-acetylnimbandiol 10 , and nimolicinol 17 , were used as reference compounds 6 .
Chemicals and reagents were obtained from the following sources: Fetal bovine serum FBS from Trace Scientific Ltd. Melbourne, Australia , Eagle s minimal essential medium MEM from Gibco Grand Island, NY, U.S.A. , arbutin 4-hydroxyphenyl β-D-glucopyranoside from Tokyo Chemical Industry Co., Ltd. Tokyo , TPA from ChemSyn Laboratories Lenexa, KS, U.S.A. , thiazolyl blue tetrazolium bromide MTT , indomethacin, and all-trans -retinoic acid from Sigma-Aldrich Japan Co. Tokyo , and the EBV cell culture reagents and n-butanoic acid from Nacalai Tesque, Inc. Kyoto . All other chemicals and reagents were of analytical grade.
Extraction and isolation
The seeds 2.05 kg of A. indica were pulverized and extracted with n-hexane 2 L under reflux 3 h 3 times to yield an n-hexane extract 280 g 6 . A portion 176 g of the n-hexane extract was subjected to column chromatography CC on a silica gel 1.76 kg , which gave a less-polar oily-substance 144 g; triacylglycerol from the eluates of n-hexane and n-hexane-ethyl acetate EtOAc 8:2 , and a more-polar semi-solid substance 27 g from the eluates of EtOAc. The latter fraction was purifi ed by the same chromatography system to yield a solid substance 18.4 g which, upon further CC on a silica gel 500 g with solvents of increasing polarity n-hexane- 
Identifi cation and characterization
Ten compounds, 1-5, 7-10, and 17, were identifi ed by 1 Fatty acid composition of the triacylglycerol fraction less-polar oily-substance of the n-hexane extract of A. indica seeds was determined as the methyl ester derivative as described previously 13 .
Cell culture
B16 murine melanoma cells purchased from Riken Cell Bank Tsukuba, Japan were cultured in MEM supplement-ed with 5 FBS, 100 units/mL penicillin, and 100 μg/mL streptomycin at 37 in a humidifi ed CO 2 controlled 5 incubator.
Determination of cell proliferation
Cell proliferation was assessed using the MTT colorimetric assay. The protocol for this in vitro assay has been described 6 .
Assay of melanin content
Melanogenesis-inhibitory activity was assessed in B16 melanoma cells. The protocol for this in vitro assay has been described 6 .
2.8 Assay of TPA-induced inflammation ear edema in mice For the protocol for this in vivo assay, refer to previous articles 14, 15 .
In vitro EBV-EA activation experiment
For the protocol for this in vitro assay, refer to previous articles 14, 15 .
RESULTS AND DISCUSSION

Limonoid constituents
Seventeen limonoids, including 7 azadirones 1-7 , 9 nimbins 8-16 , and 1 gedunin 17 , were isolated from the n-hexane extract of Azadirachta indica seeds Fig. 1 . Among these, 7 compounds, 6 and 11-16, were newly isolated in this study from the n-hexane extract whereas 10 other compounds, 1-5, 7-10, and 17, have also been isolated from the MeOH extract of defatted A. indica seeds 6 .
As is expected from the non-polar nature of the n-hexane extract, most of the compounds isolated in this study were less-polar compounds that did not possess a polar hydroxyl group. Among the 17 compounds, compound 16 was previously unidentifi ed, and its structure is described here. The molecular formula of compound 16 was determined to be C 30 H 40 O 9 on the basis of its HR-ESIMS M H , m/z 545.2678 . The UV spectrum showed an absorption maxi- mum at 223 nm, consistent with an α, β-unsaturated ketone system 16 Fig. 2 and molecular modeling 18 , fully supported the proposed structure. This seems to be the first report on the isolation of a limonoid with a degraded nimbin-type structure without a furan-ring at C-17 from a plant.
Limonoid Bioactivity
Six compounds, 6 and 11-15, were evaluated for melanogenesis inhibition. Addition of each of these compounds 25 μg/mL to B16 melanoma cell cultures inhibited mela- nogenesis, reducing the melanin content to 7.4-30.4 Table 2 . These compound exerted greater inhibitory effects than a reference arbutin melanin content 77.4 which has been recognized as a useful depigmentation compound for skin whitening in the cosmetic industry 19 . Although the inhibitory effect of 4 compounds, 6, 11, 12, and 14, is likely due to their cytotoxicity 1.9-62.5 cell viability at 25 μg/ mL , 2 nimbin-type limonoids, 13 and 15, showed remarkable inhibition of melanogenesis melanin content 30.4 and 25.8 at 25 μg/mL, respectively with only minor cytotoxicity cell viability 79.1 and 85.3 , respectively . The melanogenesis-inhibitory effects of 10 other compounds, 1-5, 7-10, and 17, have previously been evaluated, and potent inhibition of melanogenesis with no or almost no cytotoxicity has been observed for 1 azadirone-type 7 , 2 nimbintype 8, 9 , and 1 gedunin-type 17 limonoid 6 . Of the nimbin-type limonoids evaluated, those possessing a methyl carboxylate group at C-4 with a 2-en-1-one structure 8, 9 6 or an O-tiguloyl group at C-1 with a 6α, 4α-epoxymethano structure 13, 15 exerted a potent melanogenesis inhibitory effect with quite low cytotoxicity. Inhibition of TPA-induced infl ammation in mice by eleven compounds, 2, 3, 5, 6, and 9-15, was evaluated. The results are shown in Table 3 together with that of a commercially available anti-inflammatory drug, indomethacin. All of the compounds tested exerted potent inhibitory effects with ID 50 50 inhibitory dose values of 0.22-0.75 μmol/ ear, and were more potently inhibitive than indomethacin The inhibitory effects on TPA-induced EBV-EA were examined as a preliminary evaluation of the potential anti-tumor-promoting activity 20 of 7 compounds, 6, and 11-16.
The results are shown in Table 3 , together with comparable data for retinoic acid, which has been shown to have chemopreventive activity in a number of tumors 21 . All compounds tested maintained a high degree of viability 60 in Raji cells even at 32 nmol mol ratio of compound to TPA 1000:1 , indicating their low cytotoxicity at this high concentration. Each tested compound exhibited an inhibitory effect, with an IC 50 value concentration of 50 inhibition with respect to positive control of 370-471 mol ratio/32 pmol TPA. As such, these compounds were more potent than or almost equipotent to the reference retinoic acid 482 mol ratio/32 pmol TPA . Ten other compounds, 1-5, 7-10, and 17, have also been reported to possess inhibitory activity against TPA-induced EBV-EA activation induced IC 50 value 359-499 mol ratio/32 pmol TPA 6 .
Since the inhibitory effects against EBV-EA activation have been demonstrated to closely parallel those against tumor promotion in vivo 20 , those compounds highly inhibitory against EBV-EA activation could be valuable anti-tumor promoters. 
Fatty acid composition
The fatty acid composition of the triacylglycerol fraction of the n-hexane extract of A. indica seeds was determined as: myristic 14:0; mean standard deviation n 3 ; 0. From the results of our present and recent studies 6 , it appears that salannin 13 and some other limonoid constituents of the n-hexane extract and the defatted MeOH extract 6 of A. indica seeds could be valuable as skin whitening agents, anti-infl ammatory agents, and chemopreventive agents in chemical carcinogenesis. Although the antiinflammatory effect of sodium nimbinate against carrageenan-induced edema and HCHO-induced arthritis in rats has previously been reported 4, 23, 24 , our fi ndings on the anti-inflammatory effects of various neem limonoids against TPA-induced infl ammation in mice merit study in a clinical setting. In addition, the results of this and our recent studies 6 will be of value for increasing utilization of neem seed oil in the cosmetic and pharmaceutical fi elds. 
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